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lently, symplectic maps of four or more dimen-
ionnatherahashren: limited 0,887
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because their continued fraction expansions are
eventually periodic (these give rise to self-similar
structures). Finally, the most robust tori appear 2. Coupling of two semi-standard maps
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the semi-standard map takes {x,_,,x,}~—

x,=x,,, —2x,+x, , =iae™; 1 thus x(@) is coperiodic with 6:
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There are three parameters, the strength of the

(a,, a,) and ¢, the strength of the coupling of the equations determining the Fourier coefficients
tic. si ;_these will be abtained in_sectio
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gradient of a scalar potential (see for exampi
[14]).

for which there is an analytic invariant circle with

x, E— X, frequency w. Here a%, the critical function, is
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x,=x(0 +2var), Q) equivalent to y under a modular transformation,
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These results also apply to the semi-Froeshlé If d=1 then K can be replaced by 1/V/3 but
map when € =0. Thus an invariant torus of nothing smaller.

KAM theory implies that for sufficiently sma
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cEV2=2,2,2,2....]=[27],

[ 1+Vv2
54+4V2

[0,4,27]. (13)

The expressions on the right hand sides above
- give the continued fraction expansions. Setting

easy to see ince §4—14§2+g=0 and any
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If w is incommensurate, then D, is nonzero, so

A 81mple derlvatlve 1dent1ty allows us to find
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the vector exponentiation: while # €C” and n €
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MATCINg, 6w, (4457
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a holomorphic function. The domain of conver-

n there is an order-
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a+ B=1let u be any p
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straightforward since the series eq (18) has the the ith component is
Aanigard fosma: it 54

factor of ten in computing time over using the

o UV cds _IU) diid (15]) 1o 2 1S g lO0dIItimic
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Fig. 2. Loganthmlc contour plot of the Fourier coefficients lowest residual was automatically chosen. This

due to the regular spacmg of angles on a grid,
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near the axes.

for the first component, B (solid curves)
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the r, axis occurs near 0.985, while table 1
- - imnplies._that _the_ correct wvalue. is 0966 Thic _ . .
overestimate is due to the fact that we compute
the coefficients only out to the 255th Fourier
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ate evaluatlon of the critical function. For our

D, 0) b(” profile approaches a limiting form as s— 0, even

D.. tanth the macnitunde of R(z) annroaches_z rn, .
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( ?’ Defining the new variables
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f eq. (43) vields_a new _man:

values on the axes. This fact can be used as an S +
. . . _a (o + wy)
upper-bound when discussing the question of nhE T (48)
which torus is “last”
We also computed r,(r,) curves for negative which defines a hyperbola.
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(wz) Otherwise the curves are qualltatlvely
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for finding r,(s) has numerical problems when 0.06

k<1. For such small k, the singularity on one

axis is dominant over the singularity on the other
s e -AXIS, T illugtrate the nroblem...consids L2, imnl ,
example which as a similar 1mbalance in the v
prominence of its singularities. Let
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ysis near s = 0. For a finite n, the algorlthm gives

an error in r, of q q .
calculating the curves for € too close to its maxi-

mum value.

In _many._ways_.it.is.these. three-dimensional ..
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beginning at the origin. One could linearly order containment of the (v, ) surface is partly due to

definition of order. to compare the (v, o) and (y, {) tori, note that
though a*(0) > a*({), a™(y + o) <a™(y + ¢).
Thus the surfaces must intersect, and therefore

Curve based order. An w torus persists longer

than a torus alo a curve &(t) for which
K ng £() there can only be parametrlzed comparisons.
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surface, which is all a curve based order allows. series in the angle variables. The semi-Froeshlé
In some sense, one may want to incorporate the mapping has the advantage that two of the pa-
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the partial ordering the uncoupled mappings. Furthermore numeri-
i o cal resnlts imnly th d
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